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he prevalence of obesity among the US adult population has

increased steadily to reach one third of the US adult popula-

tion.! More alarming yet, the trend in morbid obesity out-
paces that of nonmorbid obesity. From 2000 through 2005, the US
obesity rate increased by 24%, while the rate of morbid obesity (body
mass index [BMI], calculated as weight in kilograms divided by height
in meters squared 240) grew by 50%, and the rate of patients with a
BMI exceeding 50 grew by 75%.%* This trend in morbid obesity results
in increased healthcare utilization and costs, as healthcare costs for the
morbidly obese are 81% above those for the nonobese population and
47% above costs for the non—morbidly obese population.*’

Morbid obesity is associated with a myriad of serious comorbid con-
ditions, including hypertension, type 2 diabetes mellitus, dyslipidemia,
osteoarthritis, and gallbladder disease.®” Bariatric surgery has been dem-
onstrated to be an effective weight-loss alternative for the morbidly

810 and is associated with marked resolution of comorbidities.” Oth-

obese
er studies''”® have found similar results, with reductions in morbidity,
cardiovascular risk, healthcare utilization, and costs in bariatric surgery
patients compared with control subjects. Although most of the current
literature examines health benefits associated with bariatric surgery,'*
studies have also documented quality-of-life improvements,'>!® length-

1719 and reduced work loss®® associated with bariatric

of-life increases,
surgery.

Despite the extensive literature on the clinical effects of bariatric sur-
gery, little research has been published on the economic impact of the
procedure. This represents a growing gap in the literature as the clinical
outcomes become better known and the procedure becomes more com-
monplace (>170,000 surgical procedures in 2005), while its economic
costs or benefits remain unclear.?! The present analysis is unique in its
use of actual patient-level cost data for 3651 patients who underwent the
procedure. The resulting return on investment is calculated based on up
to 5 years of postoperative cost data.

This study quantifies the effect of bariatric surgery on direct medical
costs. We focus on the time required for third-party payers to recover the
initial investment associated with bariatric surgery (ie, the return on in-

vestment).® Using the Ingenix private

insurer claims database and a matched
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cohort method and focusing only on
costs incurred and saved by the pri-

vate insurer, we build on findings of a

Obijective: To evaluate the private third-party
payer return on investment for bariatric surgery
in the United States.

Study Design: Morbidly obese patients aged 18
years or older were identified in an employer
claims database of more than 5 million benefi-
ciaries (1999-2005) using International Classi-
fication of Diseases, Ninth Revision, Clinical
Modification code 278.01. Each of 3651 patients
who underwent bariatric surgery during this
period was matched to a control subject who was
morbidly obese and never underwent bariatric
surgery. Bariatric surgery patients and controls
were matched based on patient demographics,
selected comorbidities, and costs.

Methods: Total healthcare costs for bariatric
surgery patients and their controls were recorded
for 6 months before surgery through the end

of their continuous enrollment. To account for
potential differences in patient characteristics,
we calculated the cost differential by estimat-

ing aTobit model. A return on investment was
estimated from the resulting coefficients. Costs
were inflation adjusted to 2005 US dollars using
the Consumer Price Index for Medical Care, and
the cost savings were discounted by 3.07%, the
3-month Treasury bill rate during the same period.

Results: The mean bariatric surgery investment
ranged from approximately $17,000 to $26,000.
After controlling for observable patient charac-
teristics, we estimated all costs to have been
recouped within 2 years for laparoscopic surgery
patients and within 4 years for open surgery
patients.

Conclusions: Downstream savings associated
with bariatric surgery are estimated to offset
the initial costs in 2 to 4 years. Randomized or
quasiexperimental studies would be useful to
confirm this conclusion, as unobserved character-
istics may influence the decision to undergo
surgery and cannot be controlled for in this
analysis.

(Am J Manag Care. 2008;14(9):589-596)

For author information and disclosures
see end of text

,

VOL. 14, NO. 9

m THE AMERICAN JOURNAL OF MANAGED CARE =

51



POLICY

previous study® that suggested a 9-year period to recoup the
cost of bariatric surgery. We further examine changes in re-
turn on investment over time as bariatric surgery techniques
have improved and focus on laparoscopic surgery outcomes.?
This analysis should help evaluate the cost-benefit implica-

tions of bariatric surgery.

METHODS

Data

We used a privately insured administrative claims data-
base containing medical and drug claims from 1999 through
2005 covering more than 5 million lives from 31 large com-
panies that provided extensive health insurance coverage,
including mental health. These companies have operations
nationwide in a broad array of industries and job classifica-
tions (eg, financial services, manufacturing, telecommuni-
cations, energy, and food and beverage). The data contain
deidentified information on patients’ demographics (eg, age
and sex) and monthly enrollment history, as well as medi-
cal and pharmacy claims. Specifically, patients’ utilization of
medical services is recorded with the date of service, place
of service, associated diagnoses, performed procedures, billed
charges, and actual amount of payments. Patients’ pharmacy
claims contain prescribed medications identified by National
Drug Code, the date a prescription was filled, days of supply,
quantity, and actual payment amount. The study sample for
this analysis included claimants having a diagnosis of morbid
obesity (International Classification of Diseases, Ninth Revision,
Clinical Modification code 278.01). Patients 18 years or older
who underwent bariatric surgery were identified using Health
Care Financing Administration Common Procedural Cod-
ing System and Current Procedural Terminology codes 43644,
43645, 43842, 43843, 43845, 43846, 43847, S2085, S2082,
and S2083. Of these procedures, 73% were gastric restrictions
with bypass (codes 43845, 43846, and 43847), 11% were
gastric restrictions without bypass (codes 43842 and 43843),
12% were laparoscopic surgical procedures with bypass (codes
43644, 43645, and S2085), and 4% were laparoscopic surgical
procedures without bypass (codes S2082 and S2083).

Analysis

The initial date of bariatric surgery was defined as the in-
dex date for the relevant patient, as well as his or her control.
All claimants in the study sample were required to have at
least 6 months of continuous enrollment before the index
date and 1 month following the index date.

Because patients with a morbid obesity claim may be sick-
er, on average, than patients with no such claim recorded,
surgery-eligible controls (morbidly obese patients with no

bariatric surgery procedure code) were matched to bariatric
surgery patients based on age group, sex, state of residence,
comorbidities, and 5-month presurgery direct costs (months
-6 to -2, excluding month -1 immediately before surgery,
which is often characterized by increased costs associated with
preparation for surgery). Each bariatric surgery patient was
matched to a specific control drawn from the morbidly obese
control population that never underwent bariatric surgery.

For each bariatric surgery patient, a control was considered
a match if (1) the control’s age was within the same 10-year
age range as that of the bariatric surgery patient, (2) the con-
trol was of the same sex, (3) the control resided in the same
state as the bariatric surgery patient, (4) the control had the
same 10 comorbidities as the bariatric surgery patient (Table
1), and (5) the control’s healthcare costs fell within 1 SD of
the cumulative costs (during months —6 to —2) incurred by
the bariatric surgery patient. The matching of bariatric sur-
gery patients with their controls is performed based on 10
comorbidities, although findings in a review of the existing
literature” and the guidelines of the American Society for
Bariatric Surgery** suggest that 18 comorbidities could cause
imbalance between the 2 samples. However, not every patient
could be matched on the demographics and on all 18 comor-
bidities because patients with the corresponding combination
of comorbidities may not be observed in the control group.
Hence, patients were matched to controls using a subset of
the following 10 comorbidities: asthma, coronary artery dis-
ease, diabetes mellitus, dyslipidemia, gallstones, gastroesopha-
geal reflux, hypertension, nonalcoholic steatohepatitis or
nonalcoholic fatty liver disease, sleep apnea, and urinary in-
continence. Multivariate analysis was used to account for the
remaining 8 comorbidities, thereby addressing any remaining
imbalance across matched samples. These 8 comorbidities are
breast cancer, congestive heart failure, lymphedema, major
depression, osteoarthritis, polycystic ovary syndrome, pseudo-
tumor cerebri, and venous stasis or leg ulcers.

Because calculating a return on investment requires a com-
parison of costs for the bariatric surgery and control patients
during multiple years, 2 adjustments were made. First, costs
were inflation adjusted to 2005 US dollars using the Consum-
er Price Index for Medical Care because a dollar spent today
would purchase more goods and services than a dollar spent in
2 years (as long as inflation is positive). Second, cost savings
were discounted by a 3.07% interest rate, the mean return on
a 3-month Treasury bill, because a dollar saved today would,
if invested in a risk-free Treasury bill, be worth more than a
dollar in 2 years (roughly $1.06 at the stated rate). However,
the shorter the time horizon to recoup costs, the less effect
discounting will have on the estimated return on investment.
The multivariate analysis modeled normalized monthly costs

52 = www.ajmc.com m

SEPTEMBER 2008



as a function of bariatric surgery in-
teracting with discrete indicators of

time from surgery. A positive coef-

The Economic Effects of Bariatric Surgery

M Table 1. Baseline Characteristics of Bariatric Surgery Patients and Matched

Surgery-eligible Control Subjects

Bariatric Surgery-eligible
ficient indicates that costs incurred Surgery Patients  Control Subjects
s . Baseline Characteristic® (n =3651) (n =3651)
by the bariatric surgery patients are
higher; a negative coefficient indi- Demographics
cates that costs are lower relative to Age at index date, mean, y 43.8 441
their controls. Therefore, positive Female sex, % 86.0 86.0
coefficients indicate incremental o
) ) Age group, y, %
third-party payer costs associated
. . « 18-30 1.1 1.1
with bariatric surgery (the “invest-
ment”), and negative coefficients 31-40 270 270
indicate savings from bariatric 41-50 32.2 32.2
surgery (the “return”). The return 51-64 29.7 29.7
on investment calculations com- Year of index date, %
bine these estimates to determine 1999 05 05
the number of months necessary 2000 24 24
for cumulative savings associated
. . 1 2001 8.2 8.2
with improved comorbidity out-
. 2002 18.3 18.3
comes following surgery to cover
the initial investments. The point 2003 29.1 29.1
estimates are reported with 95% 2004 212 212
confidence intervals (Cls). Indi- 2005 20.3 20.3
cator variables in 6-month incre- Comorbidity profile, %
ments are included to allow for Matched comorbidity
nonlinear savings. In addition to
e , Asthma 3.9 3.9
the indicator variables, the mul- :
tivariate model controlled for age Coronary artery disease 19 19
and the 8 comorbidities already Diabetes mellitus 184 18.4
mentioned. The comorbidities Dyslipidemia 19.0 19.0
were tracked at 3-month intervals Gallstones 0.9 0.9
to record changes in prevalence. Gastroesophageal reflux 9.7 9.7
Healthcare costs cannot be Hypertension 370 370
negative, rendgrmg ordmarY least Nonalcoholic steatohepatitis or 0.4 0.4
squares analysis biased and ineffi- nonalcoholic fatty liver disease
cient.”” Therefore, we estimated a Sleep apnea 135 135
maximum likelihood Tobit model : : .
Urinary incontinence 0.1 0.1
with a cluster option to account L
56 Nonmatched comorbidity
for panel-level heterogeneity®® to
reflect the truncated normal distri- EITEEE CEneET e D
bution. A sensitivity analysis was Congestive heart failure 1.0 1.3
conducted using an interval mod- Lymphedema 0.3 0.3
el, which yielded similar results. Maijor depression 6.5 5.5b
We calculated the cost differen- OniEeartiiis 9.7 730
tial by estimating the model on Polycystic ovary syndrome 1.0 0.9
the pooled population (patients .
. Pseudotumor cerebri 0.3 0.2
and controls) and using the coef- '
ficient on the variable interacting Venous stasis or leg ulcers 0.1 0.1
bariatric surgery with the relevant (Continued)
time period. Based on this coeffi-
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M Table 1. Baseline Characteristics of Bariatric Surgery Patients and Matched
Surgery-eligible Control Subjects (Continued)

Bariatric Surgery-eligible
Surgery Patients Control Subjects
Baseline Characteristic® (n =3651) (n =3651)
Healthcare service utilization, %
Inpatient visit 4.5 4.9
Emergency department visit 10.8 12.4°
Outpatient hospital visit 58.0 45.8°
Office visit 935 84.0°
Healthcare costs, mean (SD), $
Prescription drug 668 (1019) 663 (988)
Medical service 1775 (2555) 1480 (2510)¢
Total 2443 (2864) 2143 (2797)°

2Baseline characteristics are measured during the 6-month preindex period except for healthcare
costs and utilization, which do not include the month before surgery and cover 5 months of care.
For bariatric surgery patients, the index date is the first date recorded for bariatric surgery; for
surgery-eligible control subjects, the index date is the same as that of the matched patient. Bariatric
surgery patients and surgery-eligible controls were matched on the following 10 comorbidities:
asthma, coronary artery disease, diabetes mellitus, dyslipidemia, gallstones, gastroesophageal
reflux, hypertension, nonalcoholic steatohepatitis or nonalcoholic fatty liver disease, sleep apnea,

female (86%), with a mean age
of 44 years. More than one third
of the sample had hypertension,
and close to 20% had dyslipi-
demia or diabetes mellitus. Major
depression and osteoarthritis are
the only 2 comorbidities with
statistically different prevalences
across groups. Both comorbidities
are included as control variables
in the multivariate analysis. Both
study groups have similar prescrip-
tion drug costs. Bariatric surgery
patients have somewhat higher
baseline medical service costs
(20%) and total healthcare costs
(14%). The absence of any sta-
tistically significant difference in
weight-loss medication use or in

visits to nutritionists suggests that

and urinary incontinence.
bp<.05.
°P <.01.

cient, a return on investment is calculated by offsetting the
initial bariatric investment against incremental cost savings
for bariatric surgery patients following surgery.

Overall results across all bariatric surgical procedures are
reported using the complete time series available from 1999
through 2005. For open surgical procedures, results are further
reported separately for patients who received their surgical
procedure from 1999 through 2002 and for patients who re-
ceived their surgical procedure from 2003 through 2005. This
tests our clinical experience of shorter lengths of stay and im-
proved outcomes associated in part with the development of
centers of excellence in the later years, which may in turn
shorten the estimated return on investment relative to the
earlier period. This approach cannot be used for laparoscopic
surgery because a code specific to that type of surgery did not
exist until 2004. Hence, we report results for patients who
underwent laparoscopic surgery from 2004 through 2005 sepa-
rately. All estimations were performed using statistical soft-
ware (Intercooled STATA 9.2 [StataCorp LP, College Station,
Texas| and SAS 9.1 [SAS Institute, Cary, North Carolina]).

RESULTS

Table 1 compares bariatric surgery patients and their con-
trols at baseline after matching on age group, sex, costs, state of

residence, and 10 comorbidities. The sample is predominantly

these differences are not driven by

differences in presurgery reimburs-

able weight-loss efforts. Patients

were observed for 6 months before
surgery and for a mean of 17 months and 18 months following
the index date for the bariatric surgery group and the control
group, respectively.

Multivariate regression analysis results summarized in
Table 2 demonstrate total incremental costs of approximately
$24,500 for all types of bariatric surgery combined, $26,000
for open surgery, and $17,000 for laparoscopic surgery during
the period from 1 month before surgery to 2 months follow-
ing surgery. The total incremental cost is the sum of costs
incurred in the month before the surgery, costs incurred in
surgery, and costs incurred in the first 2 months following
surgery. Starting at month 3, cost savings associated with the
bariatric surgery patients start accruing. One and a half years
after surgery, monthly savings associated with bariatric sur-
gery reach more than $500 for the whole sample and $400
(1999-2002) to $600 (2003-2005) for open surgery depend-
ing on the period (P <.01). Monthly savings associated with
laparoscopic bariatric surgery reach more than $900 as early
as 13 months following surgery (P <.01). The Figure shows
the estimated return on investment for the 4 models given in
Table 2. Based on the data available and on an assumption of
constant savings after 19 months, we find that (for the com-
bined sample) total surgery costs are fully recovered after 53
months (95% CI, —42 to 64 months). Costs of open surgery
performed between 1999 and 2002 are fully recovered after 77
months (95% CI, —48 to 106 months), and, as expected, costs
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The Economic Effects of Bariatric Surgery

Ml Table 2. Multivariate Regression Analysis of Total Monthly Costs of Bariatric Surgery (Dependent Variable

MinusTotal Monthly Costs) Estimated Using aTobit Model®

Variable

Presurgery, $
Months —6 to -2
Month before surgery
Time of surgery

Postsurgery, $
Months 1 to 2
Months 3 to 6
Months 7 to 12
Months 13 to 18
Months 19 and longer

No. of observations

Total

1999-2005
(n =7302)

148.04P
1815.04
19,118.01°

1799.78°
—49.4°
-272.85P
-436.67°
—544.69P
221,483

Open Surgery

1999-2002 2003-2005
(n = 2346) (n =3914)
-84.99 274.51°
1814.84> 1971.79°
20,325.78° 19,900.61°
2170.51° 1881.62°
176.50 -145.16
13.75 —402.77°
—207.14b -53707°
-399.86° -590.68>
96,963 106,638

Laparoscopic Surgery

2004-2005
(n = 1042)

312.87°
1278.99
14,468.50°

869.40P
-161.27
—496.55°
-926.23°

17,882

aThe model controls for age, breast cancer, congestive heart failure, lymphedema, major depression, osteoarthritis, polycystic ovary syndrome,
pseudotumor cerebri, and venous stasis or leg ulcers. For laparoscopic surgery, a likelihood ratio test showed that the coefficients for 13 to 18
months and for 19 months and longer are statistically similar, so a single coefficient is reported. For all other models, a likelihood ratio test was
performed to see if grouping the data past 19 months was significantly different from continuing with 6-month increments. All P values were

statistically nonsignificant.
bp<.0n.
°P <.05.

B Figure. Return on Investment for Bariatric Surgery by Types of Surgery and Different Periods
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Take-away Points

The rate of bariatric surgery use has increased in the past decade to more than 170,000 surgi-

cal procedures per year in the United States.

B The initial investment for bariatric surgery is approximately $26,000 for open surgery and

$17,000 for laparoscopic surgery.

B After taking into account age, sex, and comorbidities, the initial investment is returned
within 4 years for patients who undergo open surgery and within 2 years for patients who

undergo laparoscopic surgery.

B Even ignoring potential quality-of-life and length-of-life benefits, as well as disability and
work loss, third-party payers can rely on bariatric surgery paying for itself through decreased

comorbidities within 2 to 4 years.

of open surgery performed between 2003 and 2005 are re-
covered after 49 months (95% CI, —35 to 63 months). Costs
associated with laparoscopic surgery are fully recovered after
25 months (95% CI, —16 to 34 months). These returns on
investment result from reductions in prescription drug costs,
physician visit costs, and hospital costs (including emergency
department visits and inpatient and outpatient visits). The
reduced costs are associated with multiple major diagnosis
categories, including diabetes mellitus, coronary artery dis-

ease, hypertension, and sleep apnea.

DISCUSSION

Bariatric surgery is an effective treatment for morbid
obesity. However, payer coverage for these procedures has
lagged because of cost concerns. This analysis demonstrates
that payers can expect significant cost savings to start ac-
cruing after 25 months for patients undergoing laparoscopic
bariatric surgery. The study also shows that, while bariatric
surgery costs took more than 6 years to be fully recovered
as recently as 2002, this interval has been reduced to just
over 2 years in 2005 for laparoscopic bariatric surgery. These
improvements in return on investment can be attributed to
surgical experience, improved technology, and dedicated
facilities.?” Although striking, the short return on invest-
ment associated with bariatric surgery is consistent with the
well-demonstrated immediate and long-lasting decrease in
a myriad of comorbid conditions, including, for example,
diabetes mellitus, coronary artery disease, hypertension, and
sleep apnea.!"'*? The cost reductions observed in this analy-
sis mirror the comorbidity reductions in these disease areas
in terms of prescription drug use, hospital visits, and physi-
cian visits. Although no systematic data have yet been pub-
lished to our knowledge, the growing prevalence of “centers
of excellence” may also have contributed to this downward
trend in costs through improved outcomes and follow-up.?®
We have not examined the cause of the cost advantage as-

sociated with laparoscopic bariatric surgery. Our experiences

as laparoscopic (SAS) and open
(HB) surgeons suggest that it may
result from open procedures’ being
disproportionately performed in the
earlier years. At centers performing
open and laparoscopic bariatric sur-
gery, patients with higher BMIs and
higher comorbidity rates may also be
more likely to undergo open surgery.”
Alternatively, at centers performing
laparoscopic bariatric surgery on all
morbidly obese patients irrespective
of BMI, the lower cost associated with laparoscopic surgery
may be the result of reduced trauma, shorter length of stay,
or lower levels of wound complications.®

Any increases in copayment beyond those incurred by pa-
tients in our data (75% of patients had no copayment) would
further shorten the period necessary for payers to fully recover
their costs. For example, a 25% patient copayment on claims
reimbursed would reduce the estimated return on investment
period for full recovery from 49 months to approximately 32
months for open surgery and from 25 months to approximate-
ly 18 months for laparoscopic surgery. These recovery periods
ignore the quality-of-life benefits and reduced work loss asso-
ciated with weight loss resulting from bariatric surgery.'>!¢

To our knowledge, only 1 other study has assessed the
economic benefits of bariatric surgery. In a simulation study,
Finkelstein and Brown® reported that a 5- to 10-year period
was necessary to fully recover costs associated with bariatric
surgery. Using real data, our study documents improvement
in results relative to the simulation conducted by Finkelstein
and Brown. They relied on survey data (2000-2001 Medical
Expenditure Panel Survey) to estimate savings; our analysis
relies on actual claims records during a 6-year period. Our
analysis omits absenteeism costs, while Finkelstein and Brown
assumed reduced absenteeism for bariatric surgery patients.
Furthermore, the costs of bariatric surgery were assumed by
Finkelstein and Brown based on prior literature, whereas we
estimated these costs directly from recorded claims. Similarly,
reduced costs associated with surgery are calculated directly
from claims rather than estimated from various assumptions
about surgery-associated weight loss. Despite these significant
methodological differences, our estimate of 4 to 9 years for
full cost recovery in the early period between 1999 and 2002
is consistent with the 9 years estimated by Finkelstein and
Brown.

This study is based on a large insurance claims database
that includes detailed information on costs and comorbidi-
ties. However, BMI (a potentially useful measure of bariatric
surgery eligibility and outcomes) is unavailable. Although
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this is a limitation of our analysis, surgery-eligible controls
were matched to bariatric surgery patients along multiple
demographic factors and 18 comorbidities that are likely to
be correlated with BMI. Most important, the bariatric surgery
patients and the surgery-eligible controls were diagnosed as
having morbid obesity, which requires the patient to have a
BMI of 40 or higher. The reliability of the cost-savings esti-
mates in our analyses depends in part on the accuracy of our
matching process. We matched the bariatric surgery patients
with their respective controls on multiple baseline character-
istics, including age, sex, total presurgery medical costs, and
up to 10 comorbid conditions. We imposed the strict crite-
rion of an exact match on the comorbidities but also con-
firmed our findings using propensity score matching. We find
that the exact match results in a more balanced sample of pa-
tients and controls, although it is limited to 10 comorbidities
rather than 18 comorbidities selected. Controlling for the 8
nonmatched comorbidities through regression analysis yields
similar results, suggesting that few imbalances remain in the
sample. Nevertheless, unobserved characteristics unrelated
to baseline costs, age, sex, and the selected comorbidities may
influence the decision for surgery, introducing a potential bias
in the analysis.

Another limitation of our analysis is that the sample of pa-
tients observed shrinks as the period elapsed since the index
date increases. In particular, the breakeven point estimated
for open surgery is dependent on the assumption of constant
cost savings from month 19 onward, while the average pa-
tient is observed for 17 months. As a result, the Cls estimated
around the point estimates widen as the sample size of ob-
served patients decreases over time. Further research based
on data during longer periods would be useful to assess the
longer-term bariatric surgery return on investment and to
confirm the cost savings. Nevertheless, this analysis presents
new evidence about the return on investment associated with
bariatric surgery during a postsurgery period of 2 to 5 years
depending on the date and type of bariatric surgery. Further
research on the return on investment for the subgroup of
patients with diabetes mellitus might be a useful avenue of
research given recent clinical findings for that subset of the

population. 7193
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